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Coronary heart disease in the Medical Research
Council trial of treatment of mild hypertension

MEDICAL RESEARCH COUNCIL WORKING PARTY ON MILD HYPERTENSION

SUMMARY Seventeen thousand three hundred and fifty four mildly hypertensive people with
diastolic blood pressures between 90 and 109 mm Hg at screening were randomised to active
treatment, with bendrofluazide or propranolol, or to placebo tablets. They were followed for a

maximum of five and a half years, giving a total of85 572 patient-years of observation. There were
456 myocardial infarctions or sudden coronary deaths. Drug treatment did not affect the overall
rate ofcoronary events. Rates per thousand person-years were 8 3 and 9 0 in men and 1-8 and 1 7 in
women in the active treatment and placebo groups respectively. Event rates were much higher in
smokers than in non-smokers on placebo treatment (12-6 and 7-5 in men and 3-5 and 1 0 in women
in smokers and non-smokers respectively). An analysis of subgroup results showed a lower event

rate in non-smoking men on propranolol than in non-smokers on placebo (5 0 and 7 5 per thousand
person-years respectively). Bendrofluazide had no apparent effect on the event rate. The
interaction between the type oftreatment (propranolol, bendrofluazide, or placebo) and smoking in
determining the coronary event rate was not statistically significant, however. The incidence of
electrocardiographic changes of silent infarction-that is major Q/QS abnormalities-differed
little with sex, smoking habit, or treatment with either active drug.

One of the main aims of the Medical Research
Council's trial of the efficacy of antihypertensive
treatment of patients with mild hypertension was to
determine whether such treatment, with either a
thiazide diuretic or a ,B blocker, would be associated
with a change in the incidence of coronary events.'
While the Medical Research Council study was in

progress the results of both the Hypertension Detec-
tion and Follow-up Program' (HDFP) and the
Australian National Blood Pressure Study3
(ANBPS) appeared. Both these trials showed some
reduction in fatal myocardial infarctions in treated
groups, although extrapolation from the results of
the Hypertension Detection and Follow-up Program
was difficult because the study did not include an
untreated control group and generalisation from the
Australian National Blood Pressure Study was of
limited value because rather few coronary events
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occurred in that trial. Another report, from the
Multiple Risk Factor Intervention Trial (MRFIT)
suggested that thiazide treatment of people with
abnormal electrocardiograms might increase deaths
from coronary heart disease.4 Overall, the picture
remained unclear and it was postulated that adverse
metabolic effects ofcommonly used antihypertensive
drugs might counteract any beneficial effects of
pressure lowering on coronary heart disease.5
The Medical Research Council trial data sugges-

ted a further complexity, in that retrospective sub-
group analysis indicated that propranolol might
perhaps protect against coronary events, though in
non-smokers only.' This tentative suggestion
received some support from the independent finding
in the International Prospective Primary Prevention
Study in Hypertension (IPPPSH) that the rate of
cardiac events was lower in non-smoking men ran-
domised to antihypertensive treatment, including
oxprenolol, than in those whose antihypertensive
regimen did not include a # blocker.6

Patients and methods

These have been described elsewhere' and only the
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Coronary heart disease in the MRC trial of treatment of mild hypertension
essential details are given here.
The 17 354 participants were men or women aged

35-64 years at entry, with sustained diastolic (V)
pressures 90-109 mm Hg over the screening period.
People with a history of definite myocardial infarc-
tion within the previous three months, angina, signs
ofcardiac failure, or electrocardiographic evidence of
a silent myocardial infarction or ofleft bundle branch
block were ineligible. Patients were randomly
allocated at entry to groups taking either bendro-
fluazide (n = 4297) or propranolol (n = 4403) or
placebo tablets (n = 8654). All subjects had a resting
12 lead electrocardiogram recorded at entry and
every year subsequently and had serum potassium
measured at entry and at one, three, and five years
afterwards; those randomised to take bendrofluazide
had additional potassium measurements three
months, two years, and four years after entry. If
serum potassium was below 3-5 mmol/l at entry
examination, the patient was excluded from the trial.
If the concentration fell on treatment to less than
2-4 mmol/l, as happened in a few patients, diuretic
treatment was stopped and oral potassium chloride
was prescribed.
Each electrocardiogram was coded according to

the Minnesota criteria' so that important abnor-
malities could be recorded on computer. Each tracing
was read by two observers who were blind to the
treatment regimen; the second reader was also blind
to the first reader's coding. If these two readers
disagreed, a third reader was used. Only the first
recorded change in any individual's electrocar-
diogram coding was used to calculate the incidence or
reversion rates of electrocardiogram abnormalities.
For instance, a person whose entry electrocar-
diogram was free of abnormal Q waves but who
showed such waves at the first anniversary was
counted as an incidence case whether or not the
change persisted in subsequent recordings.
Similarly, a person whose tracings at entry and first
anniversary showed abnormally tall R waves, but
whose second anniversary tracing did not, was coun-
ted as a reversion case whatever the picture in the
later years.

Myocardial infarction was defined according to
World Health Organisation criteria.8 Sudden death
was defined as death within one hour of the onset of
symptoms and was assumed to be caused by coronary
heart disease unless postmortem examination
showed some other cause. In the case ofpeople found
dead, it was usually possible to ascribe death to a
sudden or not sudden category. In the small number
of cases in which the timing was unknown, the case
was included in the not sudden group. All events
were assessed by an independent arbiter who was
blind to the treatment regimen.

STATISTICAL ANALYSIS
(a) Calculation of riskfactors
Multiple logistic regression was done on the conven-
tional risk factors-age, systolic and diastolic blood
pressure, serum cholesterol concentration, body
mass index (body weight/height2 in kg/m'), elec-
trocardiographic signs of ischaemia, and the number
ofcigarettes smoked. These factors were measured at
entry to the trial and at intervals throughout the trial.
For age and for electrocardiographic signs of
ischaemia, entry data were used, while for the other
variables the mean observed values throughout the
trial were used.
The use of such in-treatment mean values

increases the sensitivity ofthe analysis, and also gives
estimates of relative risk that are unbiased by the
effect of the selection process at screening. Cal-
culated relative risks with respect to entry variables
are to some extent biased by selection: for instance,
despite repeated measurements being taken before
entry, pressure still fell markedly during the early
weeks of participation,' presumably as the pressor
effect of taking part in the trial diminished and as a
result of regression to the mean. The data for the
range of diastolic pressure once this process of
familiarisation was largely complete indicate that the
underlying range ofpressure in trial subjects was less
than that used as the entry criterion. The relative risk
calculated for a given change of diastolic pressure in
the present data is therefore correspondingly
underestimated.

(b) Significance of results
Care is needed when p values given as "significant"
or not are interpreted. If the comparison is of prime
importance, and might well have been considered so
before the data were analysed, then it is appropriate
to take the p values at face value and adopt the
conventional 0 05 value as the critical point, and this
is the level indicated by the term "significant" used in
the text. Interpretation, even of "significant" results
of clear a priori importance, should be modified ifthe
comparison is one of a number of correlated compar-
isons. In the absence of a priori importance a result
with even a low p value should be treated with
caution as it has been obtained in the course of many
subgroup analyses on many different variates. An
appreciably lower p value would be needed in such a
case before significance could be ascribed to the
relevant differences. These considerations explain
why some comparisons have been fully discussed in
the text while others have not. For full information an
indication of the p value has been given in the tables
for levels of0 05 to 0-1 in addition to the conventional
mention of values < 0-05.
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Coronary heart disease in the MRC trial of treatment of mild hypertension

Results

MYOCARDIAL INFARCTION AND SUDDEN DEATH
Table 1 shows the numbers and attack rates of fatal
and non-fatal coronary events, with fatal events
divided into sudden and not sudden, for both sexes

and both treatments together and separately. There
was a total of 456 events, 222 in people on active
treatment (5-2 per thousand person-years) and 234 in
those in the placebo group (5-5 per thousand person-

years), giving no indication that the antihypertensive
regimen had affected coronary event rates overall.

In all there were 384 events in men and only 72 in
women (cumulative five and a half year percentages
47 and 0 9, rates 8X7 and 1-7 per thousand person-

years respectively). All categories of coronary

events-that is non-fatal and fatal and both sudden
and not sudden death-were more common in men
than in women. One hundred and seventy five (46%)
events in men were fatal, and of these 82 (47%) were

sudden deaths. In women, 28 (39%) of all events
were fatal, and 12 (43%) fatal cases were classified as

sudden death. There were no significant differences
between attack rates, in either sex, in any category, or
on either active drug compared with placebo.
Analysis by "on treatment" (as opposed to "as
randomised") categories gave closely similar results.

Bendrofluazide in men-The overall coronary
event rate of 9-0 per thousand person-years was the
same as that in the placebo group (SE on bendro-
fluazide 0 9 and on placebo 0 6). When the events
were subdivided into fatal and non-fatal, and sudden
and not sudden, there were some small differences
between the bendrofluazide and placebo rates, none
of which approached statistical significance: (a) a

small mean (SE) reduction in non-fatal event rates on
the thiazide compared with the placebo (4 5 (0 6) vs

5*1 (0-5) per 1000 person-years); (b) a small increase
in fatal event rates on the thiazide (4-6 (0 6) vs 3 9
(0 4) per 1000 person-years); (c) a small increase in
sudden death rates on the thiazide (2-6 (0 5) vs 1-8
(0-3) per 1000 person-years); (d) a small increase in
the percentage of all events on the thiazide that were
sudden deaths (29% vs 21%). Analysis by "on
treatment" categories gave closely similar results.
Propranolol in men-The mean (SE) overall rate was
slightly but not significantly lower in this group than
in the placebo group (7-6 (0-8) and 9 0 (0-6) per
thousand person-years respectively). Other compar-
isons with the rate in the placebo group showed: (a) a
small decrease in non-fatal event rates on propranolol
(4-2 (0-6) vs 5-1 (0-5) per 1000 person-years); (b) a

small decrease in fatal event rates on propranolol (3-4
(0 6) vs 3 9 (0 4) per 1000 person-years); (c) a small
decrease in sudden death rates on propranolol (1- 1
(0 3) vs 1 8 (0-3) per 1000 person-years); (d) a small
decrease in the percentage of all events on propran-
olol that were sudden deaths (14% vs 21%).
None of these differences approached conven-

tional levels of significance. Whatever the treatment
regimen, all rates in women were small and further
analyses were uninformative.

Risk factors-Some information has already been
published.' More sensitive analyses have since been
possible based on exact values (without categorisa-
tion) of on-treatment variables where appropriate,
and some changes in the apparent importance of
certain factors have become evident.
Table 2 shows the relative risks in relation to the

conventional risk factors in men. Certain variables,

Table 2 Relation between conventional riskfactors and the development of coronary events

Quetelet's
Cholesterol Smoking Ischaemic SBP (10 DBP (4 Index

Age Syr (I mmol/l (20/day entry mm Hg mm Hg (I kg/r2
increaset increase)* increase)* ECGI increase) increase) increase)* Treatment effect

Men, active treatment
all events
RR 139 1-38 2-65 2-25 NS NS NS Bendrofluazide
95% CI 121-1-60 1-161-64 1 903-70 1-224-15 versus
p value < 0-0001 0-0003 < 0-0001 0-0083 propranolol, NS

Men, placebo group,
all events
RR 1-31 1-28 1-89 2-44 121*11 1-14*11 NS -
950o CI 1-141-52 1-07-1-52 1-31-2-61 1-45-424 1-03-142 1-00-1-32
p value 0-0002 0-0061 0 0001 0-001 0-0001 0-04

Men, all treatment
groups, sudden death
RR 1-47 NS 2 65 3-14 1 29t NS NS Propranolol versus
95% CI 1-19-181 1 724-08 1-56-6 33 1 101-51 control,NS
p value 0-0012 <0-0001 0-0014 0-0015 Bendrofluazide versus

control, NS

*Uses mean in-trial value. tUses entry values.
t 1 24, 35,-2, one or more codes present.
¶lThe p value for each of these pressures is that for the inclusion of one factor before the other in a stepwise procedure; the CIs (confidence
intervals) are calculated from the t values from the model containing both pressures.
SBP, systolic blood pressure; DBP, diastolic blood pressure.
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such as cigarettes smoked and the concentration of
serum cholesterol were used without being categor-
ised (for example smokeri.on-smoker) as was done
in a previous paper'-that is they were used as
continuous variables. Also, where appropriate,
where repeated measurements of a risk variable were
available throughout the trial the mean of these in-
treatment values was used, including for example the
mean number of cigarettes smoked and the mean
cholesterol concentration. We used entry values for
age and for evidence of ischaemia in the electrocar-
diogram. In the previously published analysis body
mass index at entry seemed to be a significant risk
factor for coronary events.' Though there is some
suggestion that body mass index may be a significant
variable for sudden death in women, for men the
effects of body mass index in the current analysis,

using the averaged and non-categorised risk variables
described above, are not significant. A further
limitation of previous analysis (that has now been
overcome) was that the relative risks could not be
obtained simultaneously from a single logistic
regression model. These differences in technique
presumably account for the changed significance of
body mass index.
Table 2 includes the results for all coronary events

on the placebo. The pressure variable used is the
mean in-trial value, which best characterises prevail-
ing pressure during the period of observation. Both
systolic and diastolic pressure are significant risk
factors and the relative risks presented are for each
pressure individually. For actively treated patients,
pressures either at entry or in-trial were no longer
significant risk factors.

Table 3 Coronary events by presence or absence ofriskfactor at entry (totals may be smaller than the overall total, because data
on presence or absence of the risk factor were sometimes missing)

Bendrofluazide

No Rate

Propranolol

No Rate

Placebo

No Rate

Non-smokers
Smokers
No ischaemic ECG
Ischaemic ECG*
Serum cholesterol < 6-5 mmol/l
Serum cholesterol > 6 5 mmol/l
Age 35-44 yr
Age 45-54 yr
Age 55-64 yr
Entry SBP (mm Hg):
< 150
150-159
160-169
170-179
> 180

SBP (mm Hg) at 6/12:
< 125
125-134
135-144
145-154
> 155

Non-smokers
Smokers
No ischaemic ECG
Ischaemic ECG*
Serum cholesterol < 6 5 mmol/l
Serum cholesterol > 6 5 mmol/l
Age 35-44 yr
Age 45-54 yr
Age 55-64 yr
Entry SBP (mm Hg):

.< 150
150-159
160-169
170-179
> 180

SBP (mm Hg) at 6/12:
< 125
125-134
135-144
145-154
> 155

*11-241 -35,2 one or more code present.
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56
43
91
8

40
54
11
33
55

26
18
20
17
18

14
29
24
9
12

7.4
12-7
8-9
133
6-3

13-2
4-4
6-9
14-9

7-7
7.7
8-6

10-0
12-5

6-7
10-2
9.9
66

13-3

39
45
74
11
40
44
10
39
36

22
20
12
22
9

15
14
16
10
21

6
12
17
1
6

11

5
12

2
1
4
10

2
0
2
4
4

Men
50

13-8
70

15-2
6-2

10-1
3-9
80
9-6

6-0
76
5-6

12-8
5-9

7 6
5-4
6-8
64
12-7

Women
0-8
4-5
1-8
1-2
1-6
1 9
06
1-2
2-6

0 5
1-0
04
1-8
4.7

1-2
00
08
24
4-1

116
83
173
27
103
93
17
83
100

40
41
43
39
37

7
21
26
41
77

15
19
31
3
8

25
1
9

24

3
7
6
6
12

4
7
10
9

7-5
12-6
8-4

21-6
7-8

11-2
3.3
8-7
13-4

6-0
8-3
9-6
11-7
11-7

5-0
6-0
5-4
9 0

12-5

1-0
3-5
1-6
2-2
1*0
2-0
0-3
1-1
2-6

1-0
1-8
1-4
1-4
2-3

0-4
1-3
1-7
2-4
1-4

6
14
17
3
3

17

7
12

4
1
9
2
4

4
5
5
2
4

0-8
5-1
1-8
3.3
0-8
3-0
0-6
1-7
2-6

2-8
0-5
4 0
1.0
1-5

1 6
2-0
2-3
1-3
5-5



Coronary heart disease in the MRC trial of treatment of mild hypertension

Table 2 also shows the relative risks for sudden
death for all treatments. Entry pressure was used
because it is mt confounded with treatment effect (as
in-trial pressure would be), and in fact the entry
pressure does seem genuinely to have more predic-
tive power for sudden death than in-trial pressure.

The principal difference between the relative risks
for all coronary events and sudden deaths is for serum
cholesterol, which was not a significant risk factor for
sudden death.

SUBGROUPS DIVIDED BY STRENGTH OF RISK
FACTOR (TABLE 3)
With few exceptions that may be attributable to the
small numbers of events in some subgroups, event
rates rose with the strength of the risk factor in both
actively treated groups as well as in people on

placebo. (Although selection for the trial was based
on diastolic pressure, in keeping with the emphasis
placed on diastolic pressure in clinical practice, there
is general agreement that systolic pressure is more
strongly associated with the risk of coronary disease.
Since the purpose of this section is to display event
rates in terms of the main risk factors, systolic
pressures have accordingly been used.)
The small reduction in coronary event rates

associated with propranolol treatment in men was

restricted to non-smokers in whom the rate in the
treated group (5-0 per thousnd pen-years) was

33% less than that in the placebo group (7-5 per
thousand person-years) (p = 0 04). In smokers given
propranolol, treated and placebo rates were similar
(13-8 and 12-6 per thousand person-years respec-
tively). In a logistic regression analysis, however, an

interaction analysis of treatment and smoking was

not statistically significant (p = 0 1 1).
Further, to investigate whether there was a dose-

response relation between the number of cigarettes
smoked and the possible benefit associated with
propranolol treatment, an on-treatment analysis was
performed in which events were counted against the
drug being taken when they occurred rather than that
given at the time of randomisation, and smoking
habit was categorised from cigarette consumption as

recorded at the pre-event annual examination rather
than at entry (table 4). The event rate did not
consistently increase with the number of cigarettes
smoked in any of the treatment groups. Both in the
bendrofluazide and propranolol groups the rate in the
non-smokers exceeded that in light smokers, and in
the placebo group the rate in intermediate smokers
was greater than that in men smoking 20 or more

Table 4 Relation between number of cigarettes smoked, as recorded at the last annual examination before the event, and
treatment in men-with analysis by treatment categorisation, not as randomised

Number of cigarettes smoked and coronary event rate
Bendrofluazide Propranolol Placebo

No Rate No Rate No Rate

Non-smokers 49 8-2 35 5-6 94 7-7
Cigarettes/day:

1-9 2 40 2 47 7 9-9
10-19 10 14-2 7 11-2 21 16-2
> 20 19 17-0 19 17-1 29 14-0

Difference between event rates in treated groups compared with placebo group (0%)
Non-smokers + 6 -27
Cigarettes/day:

1-9 -60 -52
10-19 -12 -31
> 20 +21 +22

Table 5 Serum potassium (mmol/l) pre-event (sudden death) and in all subjects at first annual examination

Pre-sudden death First annual examination

No Mean SD No Mean SD

Bendrofluazide:
Men 16 3-6 0 49 1988 3-6 0-49
Women 3 3 8 0-53 1829 3 5 0 50

Propranolol:
Men 4 4 4 0 61 1999 4-2 0-41
Women 3 4-3 0 26 1844 4-2 0-44

Placebo:
Men 22 4-1 0-80 3990 4-1 0-37
Women 2 4-2 000 3637 4-1 0-38
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cigarettes daily. Analysis of the change in event rate
by number of cigarettes smoked did not show a
consistent trend within the propranolol group, where
the percentage reduction was greater in light smokers
than in the non-smokers. Only in the heaviest
smokers was there no suggestion ofbenefit associated
with propranolol treatment. The results in the
bendrofluazide group, in which no overall benefit
associated with treatment was suggested, were
similar in that the rate in non-smokers was higher
than that in the placebo group whereas that in light
smokers was lower, and only in the heaviest smokers
was there a clear excess ofevents in the treated group
in comparison with the controls.
No specific hazard attached to bendrofluazide

treatment when ischaemic changes were seen on the
electrocardiogram at entry. Rates for men were 13-3
per thousand person-years in the bendrofluazide
group compared with 15-2 on propranolol and 21 6 in
the placebo group.

RELATION BETWEEN SERUM POTASSIUM
CONCENTRATIONS AND SUDDEN DEATH
(TABLE 5)
The mean concentrations of serum potassium (in an
on-treatment analysis) at the anniversary examina-
tion preceding sudden death were compared with
those in the complete treatment groups (as opposed
to subgroups) at the first anniversary of entry. There
were no significant differences, in any treatment
regimen, between the concentrations in the sudden
death category compared with those in all patients.

EVENT RATES BY DURATION OF TREATMENT
(TABLE 6)
The apparent excess of coronary events occurring
during the first year of follow up in men on ben-
drofluazide was caused by a difference in the sudden
deaths category-there were six deaths in the ben-
drofluazide group compared with three in the
placebo group which was twice the size of the
bendrofluazide group. This excess was not statis-
tically significant (p = 0 08). There were three non-
sudden deaths in the first year on the diuretic
compared with eight in the placebo group, and 16
non-fatal events on bendrofluazide compared with 32
on placebo; these results do not suggest any hazard
associated with active treatment. There was no
evidence of a trend in event rate with time on
bendrofluazide. The postulated protective effect of
propranolol was apparently greatest in the first year
oftreatment, but the difference between the strength
of this possible effect in the first year and in other
years was not significant.

EVENT RATES BY PULSE RATE AT ENTRY OR AT
THE ANNUAL EXAMINATION PRECEDING THE
EVENT (TABLE 7)
These results were inconsistent. In the placebo
group, although pre-event pulse rate and event rate
were apparently related, entry pulse rate and event
rate were not. On bendrofluazide, entry pulse rate
was possibly related to event rate, but pre-event
pulse rate was not. On propranolol, pulse rate both at
entry and at the pre-event measurement was possibly
related to event rate.

Table 6 Percentage event rates by year in trial* for men

Bendrofluazide Propranolol Placebo

Event/time in trial No 0 No % No %

All coronary events:
1st year 25 1-12 10 044 43 0 95
2nd year 19 0-86 18 0-80 39 0-88
3rdyear 21 097 19 086 49 1 11
4th year 18 0-89 25 1-23 40 0-98
5th year 9 0 60 8 0-58 22 0-72

Fatal events:
1st year 9 0 40 3 0-12 11 0-23
2nd year 8 0-36 8 0-36 17 0-38
3rd year 14 0-64 8 0 35 20 0-45
4th year 11 0-55 11 0-53 23 0-56
5th year 4 0-26 3 0-21 10 0 33

Sudden deaths:
1st year 6 0-26 0 0 00 3 0-06
2nd year 3 0-13 4 0-18 13 0-29
3rd year 8 0 37 3 0-13 6 0-13
4th year 7 0-36 3 0-14 10 0-24
5th year 3 0-20 1 007 6 0.19

*Some events occurred after the fifth anniversary.
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Table 7 Coronary event rates (per 1000 person-years) by pulse rate (men)

Bendrofluazide Propranolol Placebo

No Rate No Rate No Rate

Entry pulse rate (beats/mn):
<65 6 70 4 39 18 10-4
65-74 16 6-4 14 5-5 36 7-1
75-84 43 9-8 36 8-2 80 90
85-94 17 10-9 15 8-8 39 11-2
> 95 14 12-2 12 9-2 25 11-5

Pre-event pulse rate (beats/min)*
<65 13 9-2 17 4-8 20 8-1
65-74 19 7-1 26 8-3 43 8-1
75-84 43 9-8 29 9-5 85 94
85-94 16 10-4 10 11*7 32 9 3
,95 8 8-8 3 5-5 20 11-9

*Pulse rate recorded at the anniversary examination preceding the event.

The rates in women were too low for subgroup
analyses to be informative.

ELECTROCARDIOGRAPHIC ABNORMALITIES
Full details are shown in the tables, and only those
points of particular interest with strong statistical
significance will be described here.
The prevalence of major electrocardiographic

abnormalities at entry was low and was closely
similar in men and women, and in smokers and non-
smokers (table 8). Treatment with bendrofluazide
(tables 9 and 10) reduced the incidence ofabnormally
tall R waves in men and women (p < 10 i) and
increased the incidence of combined ST-segment
and T-wave abnormalities in women (p < 10'). On
propranolol, the incidence of T-wave inversion
without ST segment changes was increased in
women (p < 10'). When the data were divided by
smoking habit (tables 11 and 12) these findings were
less evident in smokers, possibly because these were
the smaller groups. In men on propranolol, the
frequency of combined ST-segment and T-wave
abnormality was greater in smokers than in non-
smokers (p = 0-0001).
There were considerable differences between the

incidence of ventricular extrasystoles when the data
were divided by sex, by treatment regimen, and by
duration of follow up (table 13). There was no
evidence that there was a trend with time in any
treatment group or that the groups differed from one
another in this respect.
Coronary events were more common in the group

with any of the following abnormalities-major Q/
QS abnormality, minor Q/QS abnormality, abnor-
mally tall R waves, ST-segment depression, T-wave
flattening or inversion, "strain" with tall R waves
associated with ST-T abnormalities, ventricular
extrasystoles totalling 10% or more of all recorded

complexes-than in the group with normal elec-
trocardiograms (relative risk 1-48, 95% confidence
interval (CI) 1-17 to 1-86). Among the individual
features, major abnormalities of the Q/QS waves
(relative risk 2-29, CI 1-21 to 4-34), ST segment
depression with T-wave inversion (relative risk 2-59,
CI 1 43 to 4-71), T-wave inversion (relative risk 2-54,
CI 1-53 to 4 23), and "strain" with tall R waves
together with these ST-T manifestations (relative
risk 3 49, CI 1-20 to 10-21), made statistically sig-
nificant contributions. Minor Q/QS abnormalities,
tall R waves in the absence of abnormal ST-T
tracings, and ventricular extrasystoles totalling 10%
or more of all recorded complexes were not statis-
tically significant risk factors. "On treatment"
analysis gave similar results.

COMPARISONS BETWEEN BENDROFLUAZIDE AND

PROPRANOLOL
There are many occasions where, because the rates
on the two drugs differ in opposite directions from
that on the placebo, the between-drug comparisons
show larger differences than do comparisons of the
active drug with the placebo. These comparisons
between drugs add little where the individual drug
rates differ from the rates in the placebo group with a
p value < 0-1, since these more direct results could be
used as the basis for a choice between drugs. For
information, p values for between-drug differences
none the less have been shown in all tables where they
are < 0 1. Not all will be enumerated here, but the
following are of possible interest:

(a) Sudden death in men (table 1)-The rate on
bendrofluazide was 2 6 per 1000 person-years, and
that on propranolol was 1-1 per 1000 person-years
(for the comparison of either of these rates with the
rate in the placebo group of 1 8 per 1000 person-years
p > 0 1). For the bendrofluazide compared with the
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Table 8 Percentage prevalence ofmajor electrocardiographic abnormalities at entry (one person may appear more than once inthis table). (Rates given per 100 entrants)

Men Women

No Rate No Rate
By sex:
More definite abnormal Q/QS items compatible with infarction 118 1-3 128 1-5Less definite changes suggesting infarction 184 2-0 163 2-0Abnormally tall R waves 542 6-0 373 4-5ST segment depressed or downward sloping, T wave inverted 114 1-3 146 1-8LVH and strain 31 0-3 25 0 3T wave inverted, ST segment normal 57 0-6 55 0 7T wave minimally inverted or flat, ST segment normal 380 4-2 351 4-2> 10% recorded complexes are ventricular extrasystoles 36 0 4 51 0-6

S NS S NS

No Rate No Rate No Rate No Rate
By smoking* (S, smokers; NS, non-smokers):
More definite abnormal Q/QS items compatible with infarction 38 1-4 79 1-3 35 1-6 92 1-5Less definite changes suggesting infarction 55 2-0 128 2-1 48 2-2 114 1 9Abnormally tall R waves 137 4-9 402 6-5 62 2-8 309 5-1ST segment depressed or downward sloping, T wave inverted 32 1 1 81 1-3 38 1-7 108 1-8LVH and strain 8 0 3 23 0 4 4 0-2 21 0 3T wave inverted, ST segment normal 15 0-5 41 0-7 13 0-6 42 0 7T wave minimally inverted or flat, ST segment normal 129 4-6 250 4-1 103 4-7 246 4-1
, 10% recorded complexes are ventricular extrasystoles 7 0-2 29 0-5 22 1.0 29 0 5

Men Women

Bendro- Propra- Bendro- Propra-
fluazide nolol Placebo fluazide nolol Placebo

No Rate No Rate No Rate No Rate No Rate No Rate
By randomised regimen:
More definite abnormal Q/QS items

compatible with infarction 23 1-0 27 1-2 68 1-5 36 1-8 35 1-7 57 1 4Less definite changes
suggesting infarction 49 2 2 40 1-8 95 2 1 40 1 9 38 1-8 85 2 1Abnormally tall R waves 120 5-4 146 6-4 276 6 1 87 4-2 91 4-3 195 4 7ST segment depressed or downward
sloping, T wave inverted 33 1 5 24 1-1 57 1-3 43 2-1 29 1-4 74 1 8LVH and strain 9 04 6 03 16 04 5 0-2 5 0-2 15 04T wave inverted, ST segment
normal 9 0 4 15 0-7 33 0 7 14 0-7 16 0-8 25 0-6T wave minimally inverted or
flat, ST segment normal 90 40 111 49 179 40 90 44 105 50 156 38) 10% recorded complexes are
ventricular extrasystoles 8 0 4 9 0 4 19 0 4 12 0-6 14 0-7 25 0 6

*Totals are not always the same as in the other two parts of the table because in a small number of people the smoking habit at entry wasunknown.
LVH, left ventricular hypertrophy.

propranolol rate, however, p = 001.
(b) Major Q/QS changes in women (table 9)-On

bendrofluazide the rate was 13-5 per 1000 person-
years, compared with 9-8 per 1000 person-years on
propranolol (p = 0-04).

(c) Tall R waves (table 9)-In men the rate per
1000 person-years on bendrofluazide was less than
that on propranolol (142 vs 18-2, p = 0-05); in
women the respective rates per 1000 person-years
were 9 3 vs 15-6 (p = 00005).

(d) Ventricular extrasystoles amounting to > 10%0 of
all complexes in men (table 9)-For bendrofluazide
the rate was 6-7 per 1000 person-years, similar to the

placebo rate of 6-4 per 1000 person-years. For
propranolol the rate was 4-5 per 1000 person-years,
p = 0-08 compared with the placebo group. For the
bendrofluazide vs the propranolol rate, p = 0-08.

Discussion

The frequency of coronary heart disease in this
population corresponds well with that in other com-

parable series, with coronary event rates close to
those in the Australian study3 and the Oslo trial.9 As
with any trial, the results are strictly applicable only
to the study population. We cannot be certain that
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Table 9 Incidence of major electrocardiographic (ECG) abnormalities during follow up (numbers and rates per thousand
person-years)

Men Women

Bendrofluazide Propranolol Placebo Bendrofluazide Propranolol Placebo
ECG abnormality No Rate No Rate No Rate No Rate No Rate No Rate

Major Q/QS
abnormalities 109 13-2* 84 9.8t 169 10-0 105 13-5 78 9.8t 190 12-1

Minor QJQS
abnormalities 80 10-3 59 7-2t 135 8-5 73 10-0 57 7.50 148 10 1

Tall R
waves 113 14-2*** 146 18-2*0 367 23-3 71 9.3*** 121 15-60 283 18-9

ST depression, T-wave
inversion 82 9-8 62 7-1**- 194 11-4 145 19 0*** 91 11-4ttt 172 10-8

LVH and strain 16 1-9 16 1-8 46 2-6 8 1.0* 15 1-8 41 2-5
T wave inverted, ST
segment
normal 32 3-9* 59 7.0t 109 6-7 46 6-4* 81 10-6tt*** 60 3-9

T wave flat or minimally
inverted, ST segment
normal 128 17-8** 148 19-8* 363 24-9 180 30-6* 168 26-3 332 25-4

Ventricular extrasystoles
> 10%ofrecorded
complexes 57 6-7 40 4 500 110 6-4 49 6-1 39 4-7 80 4 9

op < 0 1; *p < 0 05; **p < 0 01; ***p < 0 001; for comparison of rate in actively treated group against placebo.
*p < 0-1; tp < 0 05;ttp < 0 01; tttP < 0-001; for comparison of rate in one actively treated group with the other.

the findings would have been identical in a group coronary heart disease overall and, although there are

characterised, for example, by a higher proportion of suggestions in the present data that both the active
smokers or by less of a tendency towards a spontan- drugs may have been associated with benefits, the
eous decline in blood pressure from entry levels, but results must be interpreted with great care. If true,
it seems unlikely that they would be qualitatively the suggestion that propranolol reduced the attack
different. rate of coronary events in male non-smokers would
Drug treatment had no effect on the rate of be of considerable importance, but our data are

Table 10 Reversion rates of major electrocardiographic (ECG) abnormalities during follow up (numbers and rates per
thousand person-years)

Men Women

Bendrofluazide Propranolol Placebo Bendrofluazide Propranolol Placebo

ECG abnormality No Rate No Rate No Rate No Rate No Rate No Rate

Major Q/QS
abnormality 18 455-9 20 465-1 47 365-4 27 651-6 31 500-0 46 598-8

Minor Q/QS
abnormality 36 690-0 27 467-6 63 563-6 29 537 0 26 520-0 62 632-6

Tall R
waves 96 440.70 111 502-4** 195 354-3 62 427-7 63 364-2 137 344-6

ST-T abnormalities 23 465-6 15 333-3 33 363-8 36 432-9 21 416-8 55 458-4
Strain 7 777-8 5 454-5 13 722-2 5 714-3 5 625-0 13 565-2
T wave inverted,
ST segment
normal 8 888-9 9 409-1 22 628-6 11 846-1 10 476-2 16 666-7

T wave flat or
minimally
inverted,
ST segment
normal 64 606-2 78 705 6 104 656-2 61 681-3 70 719-7 107 681-7

Ventricular
extrasystoles
> 10%ofall
recorded
complexes 7 583-3 9 900 0 17 772-7 11 647-1 10 512-7 22 709 7

op < 0 1 and **p < 0-01 for comparison of rates in actively treated group against placebo.
None of the comparisons of rates in one actively treated group with the other is significant even at the p < 0-1 level.
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Table 11 Incidence of electrocardiographic (ECG) abnormalities by smoking habit (rates per 1000 person-years)

Men Women

Bendrofluazide Propranolol Placebo Bendrofluazide Propranolol Placebo

ECG abnormality No Rate No Rate No Rate No Rate No Rate No Rate

Major Q/QS
abnormality

S 29 12-1 25 10-6 54 11-2 33 16-8 14 7-10 49 12-3
NS 79 13-7* 58 9-4 115 9-6 72 12-4 64 10-7 140 12-0

Minor Q/QS
abnormality

S 20 8-9 16 7-0 42 9-3 18 9-5 16 8-5 45 12-1
NS 59 11-0° 43 7-3 93 8-1 55 10-1 41 7-2 102 9-4

Tall R
waves
S 33 13-8** 38 16-50 108 23-4 13 6-6** 22 11-3 67 17-2
NS 80 14-6*** 107 19-10 257 23-1 58 10-3*** 99 17-1 214 19-4

ST-T
abnormalities
S 30 12-2 33 13-8ttt 64 13-6 30 15-3 28 14-3 55 13-7t
NS 49 8-3 29 4-6*** 128 10-4 115 20-4*** 63 10-6 116 9-8

Strain
S 5 2-0 5 2-0 15 3-1 1 0-5 3 1-5 9 2-2
NS 1 1 1-8 1 1 1-7 30 2-4 7 1-20 12 1-9 32 2-6

T wave inverted,
ST segment
normal

S 1 4.50 23 9-9 39 8-3 12 6-4 21 11.3* 19 5-0
NS 21 3.70 35 5-7 69 5 9 34 6-4* 59 10-2*** 40 3-6

T wave flat or
minimally
inverted,
ST segment
normal

S 39 18-4** 47 23-9 125 31-3tt 44 28-2 32 21-0 92 27-3
NS 89 17-60 99 18-20 237 22-5 136 31-6* 136 28-1 238 24-4

Ventricular
extrasystoles
> 10% of
recorded
complexes
S 17 6-7 15 6-0 33 6-7 15 7-3 12 6-1 25 6-3
NS 40 6-7 25 4-00 77 6-2 34 5-8 27 4-4 55 4-6

°p < 0-1; *p < 0-05; **p < 0-01; ***p < 0-001; for comparison of rates on either active drug with rates on placebo.
tp < 0-05; ttP < 0-01; tttP < 0-001; for comparison of rates in smokers with rates in non-smokers.
S, smokers; NS, non-smokers.

inconclusive. An analysis of the interaction between
the type of treatment and smoking in determining
coronary events did not give a statistically significant
result (p = 0- 11) and although the putative effect was
proportionally large, with about one third of events
saved, the difference between event rates in the
propranolol and placebo groups was only just statis-
tically significant (p = 0-04).
The absence of a convincing dose-response rela-

tion in the present data between the number of
cigarettes smoked daily and the percentage reduction
in the coronary event rate in men on propranolol also
serves to reduce the credibility of the postulated
effect, and we now reiterate and re-emphasise the
caution expressed in our first paper' about the
interpretation of post hoc subgroup findings. The
theory, however, receives some support from the
independent finding in the International Prospective

Primary Prevention Study in Hypertension of a
similar effect in a group treated with oxprenolol.6 It is
known that the antihypertensive action of propran-
olol differs between smokers and non-smokers, and
other drug effects might be similarly modified by
smoking.'°

Active treatment had a beneficial effect on the
electrocardiographic changes thought to be caused
by cardiac hypertrophy, both in reducing their
incidence (in accord with other published work")
and in increasing the proportion reverting to normal.
The factors modulating the reversal of such
electrocardiographic changes are clearly complex,'2 3
and are not restricted to changes in blood pressure,
for in our results as in other published work'4 the
comparative efficacy of the two drugs in this respect
differs from that of their antihypertensive action.'
The decreased occurrence of repolarisation abnor-
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Table 12 Reversion of electrocardiographic (ECG) abnormalities by smoking habit (rates per thousand person-years)

Men Women

Bendrofluazide Propranolol Placebo Bendrofluazide Propranolol Placebo

ECG abnormality No Rate No Rate No Rate No Rate No Rate No Rate

Major Q/QS
abnormality

S 6 313 7 7 437 5 14 359 0 7 700 0 7 636-4 12 625-2
NS 12 545-2 12 461-5 33 393 9 20 623-1 24 470-6 34 629-6

Minor Q/QS
abnormality

S 10 666-7 7 500 0 19 638-5 9 486-0 9 428-6 16 468-7
NS 26 722-2 19 387 8 44 569-4 20 526-3 17 586-2 46 676-5

Tall R
waves

S 29 513-8 26 587-3 53 405 3 10 434-8 12 428-6 18 304-2
NS 65 410-7 85 491-7 142 347-0 52 424-6 50 347-2 118 352-1

ST-T
abnormalities

S 4 444-4 4 571 4 9 236-8 12 463-8 4 333-3 12 600-0
NS 19 450-4 11 289-5 24 395-7 24 421 0 17 485-3 43 412-9

Strain
S 1 1000 0 1 1000 0 5 833-3 2 666-7 1 1000 0 0 0.0
NS 6 750-0 4 400 0 8 666-7 3 750 0 4 571-4 13 565-2

T wave inverted,
ST segment
normal

S 2 1000 0 4 571 4 4 1000-0 4 1000 0 3 750-0 4 571 4
NS 5 274-8 5 333 3 18 580-6 7 777-8 7 411-8 12 705 9

T wave flat or
minimally
inverted,
ST segment
normal

S 18 476-5 24 705 9 38 614 7 20 833-3 25 660-4 25 714-3
NS 46 682-6 54 709 5 66 707 0 41 624-7 45 789-5 82 664-9

Ventricular
extrasystoles
> 1000 of
recorded
complexes

S 1 1000 0 2 1000 0 4 666-7 6 857-1 5 714-3 7 538-5
NS 6 545-4 7 875-0 13 812 5 5 500-0 5 500 0 15 833-3

S, smokers; NS, non-smokers.
No differences between rates in drug groups compared with the placebo group, or in the active drug groups compared with one another, were
significant even at the p < 01Ievel.

malities in men on bendrofluazide shown here has sium, but the potassium-lowering effect of
been reported before" but (to our knowledge) the bendrofluazide was similar in men and women.'"
difference between the sexes, with an increased rate Our data do not unequivocally confirm the sugges-
in women, has not. The reason for this sex difference tion made in the report on the MRFIT study that
is unclear. Repolarisation abnormalities are associ- thiazide diuretics might increase the rate ofcoronary
ated with reduced concentrations of serum potas- heart disease mortality in men with baseline resting

Table 13 Incidence of ventricular extrasystoles* by year offollow up

Men Women

Bendrofluazide Propranolol Placebo Bendrofluazide Propranolol Placebo
Time in trial No Rate** No Rate No Rate No Rate No Rate No Rate

Entry to 1 year 19 9-3 10 4-8 22 5-3 13 6-9 10 5-2 13 3-4
1-2 years 12 6-2 8 4-0 23 5-9 14 7-9 9 4-9 22 61
2-3 years 14 7-7 7 3-7 28 7-5 8 4-7 6 3-4 12 3-5
3-4 years 10 5-9 5 2-9 25 7.4 8 5-0 7 4-3 19 6-0
4-5 years 2 1-7 10 8-0 12 5-0 6 5-0 7 5-8 14 6-0

*Totalling > 10% of all recorded complexes (Minnesota code 8,(V)).
**Rate per 1000 person-years.
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Table 14 Relation between electrocardiographic (ECG) abnormalities and the occurrence ofclinically evident coronary events

Men Women

Bendrofluazide Propranolol Placebo Bendrofluazide Propranolol Placebo

ECG abnormality No Rate No Rate No Rate No Rate No Rate No Rate

Coronary events,fatal and non-fatal
Major Q/QS

abnormality
Present 7 30.9* 5 24-3 10 23-4** 0 0.0
Absent 92 9 4 80 7 9 190 9-5 20 2-2

Minor Q/QS
abnormality

Present 4 17-4 2 11-7 11 26-4** 1 6-9
Absent 88 9 1 78 7-8 179 9-2 19 2-1

Tall R
waves

Present 5 10-4 4 7-8 16 119 1 2-8
Absent 94 9-8 81 8-3 184 9-7 19 2-1

ST-T
abnormalities

Present 5 19-5 5 43-8*** 16 23-1** 1 3-0
Absent 94 9-5 80 7 9 184 9-2 19 2-1

Strain
Present 0 0.0 0 0.0 1 7-1 0 0-0
Absent 99 9 9 85 8-2 199 9-8 20 2-1

T wave inverted,
ST segmnent
normal

Present 2 32-2 2 16-7 3 16-4 0 0 0
Absent 92 9 4 78 7-7 181 9-2 19 2-1

T wave flat or
minimally
inverted,

ST segment
normal

Present 9 22-0* 3 6-8 21 21-7*** 1 1 9
Absent 81 8-7 72 7-6 148 8-1 17 2-1

Ventricular
extrasystoles
> 10%ofall
recorded
complexes

Present 4 49.4* 0 0 0 3 15-7 0 0 0
Absent 95 9.5 85 8-2 197 9-7 20 2-1

1 4-4 0 0.0
17 1-8 34 1-8

2 11-6t 1 2-1
15 1-6 33 1-8

2 4-6 1 0-7
16 1-8 33 1.9

2 7-3 1 3-7
16 1-7 33 1-8

0 00 0 00
18 1.9 34 1-8

2 13-2* 0 0.0
14 1-5 33 1-8

1 3-3 1 1.0
11 1-3 28 1-6

0 0.0 1 95
18 1 9 33 1-7

Fatal coronary events
Major Q/QS

abnormality
Present 80 34-2*** 4 19-4** 9 17-2** 0 0.0
Absent 42 4-3 34 3-4 78 3 9 9 1 0

Minor Q/QS
abnormality

Present 2 8-9 2 11-7 5 13-0* 0 0 0
Absent 40 4-1 32 3-2 73 3-7 9 1-0

Tall R
waves

Present 1 19 2 3-4 8 5-8 1 2-8
Absent 49 5-1 36 3-7 79 4-2 8 0 9

ST-T
abnormalities

Present 4 12-7 5 43-8*** 13 19.1*** 0 0.0
Absent 46 4-7 33 3-2 74 3-7 9 10

Strain

Present 0 0 0 0 0-0 1 7-1 0 0 0
Absent 50 5 0 38 3-7 86 4-2 9 1j0

T wave inverted,
ST segment
normal

Present 1 22-5 1 10-2 3 11-6t 0 0°0
Absent 45 4-6 32 3-2 71 3-6 9 1-0

0 0.0 0 0.0
9 1.0 10 0.5

1 6-1 1 2-1
8 09 9 05

1 2-7
8 0-9

0 0*0
9 09

1 0-7
9 05

1 3-7
9 05

0 0.0 0 0.0
9 0-9 10 0-5

0 0.0 0 0.0
9 1*0 9 05

376



Coronary heart disease in the MRC trial of treatment of mild hypertension

Table 14

Men Women

Bendrofluazide Propranolol Placebo Bendrofluazide Propranolol Placebo

ECG abnormality No Rate No Rate No Rate No Rate No Rate No Rate

T wave flat or
minimally
inverted,
ST segment
normal

Present 3 6-5 3 6-8 10 9-4** 0 0.0 1 3-3 0 0.0
Absent 39 4-2 26 2-7 54 2-9 9 1 1 7 0-8 7 0-4

Ventricular
extrasystoles
> 10% of
recorded
complexes

Present 5 56-9*** 0 0 0 4 23-2** 0 0 0 0 0 0 0 0.0
Absent 45 4-5 38 3-7 83 4-1 9 1 0 9 0 9 10 0 5

°The number of fatal events shown in any one line may appear to exceed the number of fatal and non-fatal events combined if the ECG has
changed between a non-fatal and a fatal event.
tp < 01; *p < 005; **p < 001; ***p < 0001; for comparison of rate with ECG abnormality present against rate in group without
abnormality.

electrocardiographic abnormalities.4 The MRFIT
results may have been distorted by the anomalous
finding in the control group of lower mortality from
coronary heart disease in men with abnormal elec-
trocardiograms than in those with normal electrocar-
diograms. In the present results it was clear that the
presence of major electrocardiographic abnor-
malities was associated with an increased likelihood
of having a clinical event, but there was no evidence
that this relation, whether for all events or for fatal
events only, was strengthened by bendrofluazide
treatment.
There are none the less certain aspects of our

results that need careful assessment with respect to
the postulated adverse effect associated with ben-
drofluazide treatment. These include the finding,
noted early in the study, ofan excess ofsudden deaths
in men in the thiazide group compared with those on
placebo. This excess, small and not statistically
significant, did not justify changing the protocol or
stopping the trial. Two substudies were then set up to
try to detect adverse effects possibly associated with
the rather high (10 mg daily) dose of bendrofluazide.
In one, the antihypertensive efficacy of, and adverse
reactions to, two doses of bendrofluazide were com-
pared.'6 In the second, the relation between thiazide
treatment and ventricular extrasystoles was
examined, and showed an increase in the occurrence
of ventricular extrasystoles in the first year of ben-
drofluazide treatment which was not maintained
subsequently."
The sudden death rate was slightly, though not

statistically significantly, increased on bendro-
fluazide compared with placebo. There was a slight

increase in major Q/QS abnormalities in men on
bendrofluazide (p = 0 03 compared with the placebo
group). The rates of coronary events on bendro-
fluazide in the presence ofmajor Q/QS abnormalities
or a high frequency of ventricular extrasystoles were
increased, though not statistically significantly so.
Taken singly, none ofthese findings has great weight.
When all are considered together, although our data
do not definitely support the suspicion raised in the
MRFIT report, neither do they refute it.
As well as information about clinical events, this

study gave considerable information on electrocar-
diographic changes. The frequency and reversion of
these abnormalities were defined as the first recorded
change in an individual, whatever alterations
occurred subsequently-a simple way of handling
the data but one which will to some extent have
inflated the figures. Other work, however, describes
higher rates for reversion even ofQ waves,8"19 so our
approach may not have greatly exaggerated the
results, and is free of apparent bias. Each treatment
used in the trial may, however, in different ways,
have altered the relation of electrocardiographic
findings to clinical disease, and made interpretation
difficult. Taken as a whole, the most interesting
aspect of the electrocardiographic findings is the
difference between the results for Q/QS changes in
"silent" infarctions, and those for clinically evident
coronary events. The incidence ofthe former differed
little between men and women or between smokers
and non-smokers, contrasting strongly with the
results for clinical episodes, and the possible protec-
tive effect of propranolol against coronary events in
non-smokers was not evident against the electrocar-
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diographic changes. Factors other than myocardial
ischaemia which predispose to the development of
clinical manifestations of infarction may be more
common in men than in women and more in smokers
than in non-smokers, and the putative protective
effect of propranolol could be exerted against one of
these factors.
These results are tantalising. They include two

suggestions of benefit associated with propranolol
and of hazard associated with bendrofluazide which,
if substantiated, would be of considerable impor-
tance but which even a study of this size fails
conclusively to demonstrate. These findings alone
are difficult to use as a basis for decisions about the
choice of drug treatment for mild hypertension and
should be considered together with those for the
effects of treatment on the stroke rate' which are
shortly to be presented in more detail with fuller
information for subgroup analyses.
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